The spontaneous spinal epidural hematoma (SSEH) is a rare clinical entity. Patients typically present with sudden onset back pain followed by neurological deficits. Methods: Diagnosis of SSEH is usually made with MRI and standard treatment is surgical evacuation. In 1996, Groen published the most comprehensive review on the SSEH in which he analyzed 333 cases. We review 104 cases of SSEH presented in the English literature since the last major review and add three of our own cases, for a total of 107 cases. Results: Our patients presented with back pain and neurologic deficits. Two made excellent functional recovery with prompt surgical decompression while one continued to have significant deficits despite evacuation. Better postoperative outcome was associated with less initial neurological dysfunction, shorter time to operation from symptom onset and male patients.
INTRODUCTION

Case 1 1) History
The patient is a 71 year-old right handed man who presented to the emergency room with sudden onset of upper back pain, just below his neck, associated with right arm weakness. Within hours, he developed weakness of his legs associated with paresthesia that progressed to paralysis of bilateral lower extremities. Past medical history is significant for arthritis, restless leg syndrome diagnosed six days prior to presentation, and history of syncope.
2) Examination
He had 4+/5 strength in the left upper extremity and 4/5 strength in the right upper extremity with complete paralysis of bilateral lower extremities. Although sensation to light touch was preserved, he had decreased pin-prick sensation and proprioception starting at the cervicothoracic level, worse on the right side than the left. Deep tendon reflexes were brisk and the Babinski reflexes were up-going. He had normal coagulation values.
3) Imaging
MRI showed large posterolateral extradural mass extending from C2 to T4 with marked spinal cord compression. T1-weighted images showed low signal intensities and T2-weighted images showed heterogeneous intermediate to high signal intensities. No contrast enhancement was found except for a small nodular enhancing focus at the C7-T1 junction to the right of the midline (Fig. 1 ).
4) Operation
The patient was taken urgently to the operating room for a C3 to T1 laminectomy. A dark blood clot was noted in the epidural space and was evacuated. Portions of the epidural clot were sent to pathology whose report confirmed the presence of hematoma with no evidence of vascular malformation. 
5) Postoperative Course
Postoperative MRI showed complete resolution of the hematoma (Fig. 2) . The patient recovered well with prompt return of neurologic function. On two-year follow up, he was doing well with no residual neurological deficits, only occasional spasms in his trapezius muscle.
Case 2 1) History
Patient is a 78 year-old woman who awoke early in the morning with low back pain. Soon afterwards, she presented to the emergency room with additional complaint of right lower extremity pain and weakness with difficulty ambulating. Her past medical history was significant for hypertension, type II diabetes and distant history of TB, previously treated. She had normal coagulation values.
2) Examination
On neurological examination, she had 4/5 right dorsiflexion weakness but otherwise had good motor strength. She had diminished sensation to light touch in her right lower extremity.
3) Imaging
Initial MRI showed epidural mass from T10 to L4 (Fig. 3 ).
4) Operation
Patient was taken to the operating room 16 hours after the initial symptom of low back pain. She underwent T10 to L4 laminectomy and was noted to have significant compression of the thecal sac from epidural blood clot. The hematoma was evacuated and portions of the specimen were sent to pathology, where findings were consistent with hematoma with no evidence of vascular malformation.
5) Postoperative Course
Postoperative MRI showed complete resolution of the hematoma (Fig. 4) . Patient showed progressive improvement and eventually gained return of full strength in her right leg. She however, continued to have right leg pain and numbness
Case 3 1) History
A 42 year old woman was gardening when she suddenly developed severe low back pain with nausea. The day prior she had been engaged in heavy physical work. Soon after lying down she noticed she could not move her legs and could not feel anything from the waist down. Past medical history is significant for Aspirin use.
2) Examination
Both legs were completely flaccid. There were absent reflexes in her legs. She also could not feel anything below the T11 sensory level. She had urinary retention as well.
3) Imaging
MRI showed an extradural mass compressing the spinal cord from T9 to T11. It was hyperintense to the spinal cord on T2 imaging. The signal was heterogeneous in character (Fig. 5 ).
4) Operation
She had a T9 to L1 laminectomy performed within 24 hours of symptom onset. The hematoma was found to extend down to L1 intraoperatively. Pathological analysis revealed only blood clot.
5) Postoperative Course
The patient had no improvement. She remained paraplegic and has made little improvement with rehabilitation.
MATERIALS AND METHODS
The last major review on SSEH was reported by Groen in 1996 41) . Therefore, our literature search was limited to cases reported since 1996 coinciding with the widespread acceptance and use of MRI. A PubMed literature search for "spon- Patients on anti-coagulation medication and those with hypertension were included since they were part of the past reviews on SSEH. The diagnosis was made with an imaging study and confirmed in most cases by surgery. We statistically investigated the effect of time to surgery (before or after 24 hours of hospital admission) on neurological outcome. Because the literature accounts were inconsistent in their clinical descriptions of initial and final neurological status, the Frankel grading system was used to provide a standardized assessment of neurological dysfunction. The initial and final Frankel grade for each patient was assigned based on symptomatic reports (Table 1 ). For quantitative analysis, the Frankel grade scale of A-E was converted to a 1-5 scale, respectively. We used linear regression to investigate the relationship between final Frankel grade and time to surgery. Initial Frankel grade, age, sex, time to surgery, size of hematoma, history of hypertension, and use of anticoagulants were included as covariates. We first considered the effects of time to surgery, initial Frankel grade, age, and sex and then sequentially added two-way interactions as well as effects associated with size of hematoma, hypertension and use of anticoagulants. Four age categories were used: less than 20 years, 20 to 40 years, 40 to 60 years and 60 years of age and older. Statistical analyses were conducted using R version 2.12.1 and a significance level of 0.05 was used to determine significant effects.
RESULTS
We identified 104 cases of SSEH in the literature and added our three patients for a total of 107 cases ( Table 2) . Nineteen patients had no significant past medical history. Fourteen patients had a history of anticoagulation (including use of Aspirin and Ibuprofen) and thirteen had a history of hypertension and five patients had hemophilia. Other past medical histories of significance included previous stroke, pregnancy, amyloidosis, renal transplant, epilepsy, and a prior history of SSEH. In thirteen patients the past medical history was not presented. The neurological deficits varied in severity from minor sensory abnormalities to complete paralysis. In four patients, severe neck pain or headache was the only presenting symptom. The majority of patients (93/107) presented with neurological impairment leading to loss of function (Table 3) .
In 98 cases, MRI was used to make the diagnosis of SSEH. A CT scan was performed in five and a CT myelogram was performed in three of the cases. A conventional myelogram was used in one case. The average number of spinal segments involved was 5.4 with a range of 1 to 23. The distribution of segments showed increased involvement at the cervicothoracic junction (Fig. 6 ). The majority (53%) of hematomas were located posterior to the spinal cord, whereas 23% were located posterolateral, 18% were anterior, 5% were lateral and 1% were circumferential to the cord. Overall, 60/107 (56%) of the patients had complete recovery. Of the 80 operative cases, 35 (43.75%) experienced complete recovery, 22 (27.5%) had incomplete motor recovery with good functional outcome, 10 (12.5%) had incomplete motor recovery with poor functional outcome, 2 (2.5%) had preserved sensation without motor function and 11 (13.75%) had no motor or sensory recovery. No patients suffered from worse neurological outcome after treatment.
For the statistical analysis investigating the effect of surgical timings on patient outcome, 43 of the 107 patients were excluded from the analysis for the following reasons: twenty-three patients were managed conservatively and thus would not provide any information on the effect of delayed surgery. We also excluded nine infants (<2 years old) from the analysis due to considerable delays in diagnosis, and consequently, substantially late presentation to the OR. As a result, age and time of surgery would be confounded. Finally, for six patients, missing data precluded analysis.
Of the 64 patients analyzed, 31 (48%) were female and 33 (52%) were male. The mean age of the patients was 48 (±24) with the following distribution among the four age categories: Although the timing of the surgery after admission was not statistically significant (F(1, 60)=3.18, p=0.079) to final Frankel grade, early surgery (within 24 hours) yielded better outcomes than delayed surgery (after 24 hours) (Fig. 7) . On average, patients who received surgery within 24 hours had a final Frankel grade 0.60 points higher than those receiving later surgery (Fig. 8) .
On the other hand, age (F(3, 57)=0.96, p=0.42), past history of hypertension (F(1,57)=0.0013, p=0.97), use of anticoagulants (F(1, 57)=0.57, p=0.45), and the number of spinal segments in the hematoma (F(1, 57)=0.99, p=0.32) were not significant predictors of final Frankel grade. In addition, no two-way interactions were significant.
DISCUSSION
The first reported case of SSEH was by Jackson in 1869. Since then, over 400 cases have been described in the world literature. MRI has emerged as the diagnostic study of choice for SSEH. A T2-weighted scan showing an epidural mass hyperintense to the spinal cord with focal areas of hypointensity (consistent with the presence of deoxyhemoglobin) highly suggests the presence of an epidural hematoma 26, 27) . No MRI characteristic that may predict outcome currently exists 27) . In the majority of reports, the hematoma is considered to be "spontaneous" if it develops without known cause (i.e. trauma, fracture, spinal lesion or medical procedure). Hence, some refer to SSEH as idiopathic spinal epidural hematoma 41) . In most cases, however, patients have some history (i.e. anticoagulation use, bleeding diathesis, hypertension, straining) that may contribute to the bleeding. Some case reports include SSEH due to vascular malformations, whereas most authors do not consider these to be spontaneous in origin. Following a variable time interval anywhere from minutes to weeks, neurological dysfunction develops ranging from mild weakness to complete paralysis. Past reviews found that better prognosis is associated with less severe initial neurological dysfunction and with faster time to operation 30, 36, 41, 50) . However, reported cases of SSEH managed non-surgically with steroids 21) or only observation also exist 17) . Past reviews found that pediatric patients presented with longer and more variable times to neurological symptom onset 17) . We believe this is due to difficulty in assessing pain and performing accurate neurologic examination in this group. Children under two years of age presented to surgeons after days, and sometimes weeks after symptoms eventually alerted parents or caregivers. Such symptoms included chronic irritability, crying and inability to ambulate or stand. Elderly patients, on the other hand, had faster onset to deficits varying from minutes to hours.
Treatment consisted of either decompressive laminectomy or conservative management with or without steroids. In our study, conservative management was employed in 23 patients. In one of these, neurological improvement occurred following a lumbar puncture (LP), which drew 20 ml of clear cerebrospinal fluid (CSF) 3) . In this case, the LP was performed to rule out infection before MRI diagnosis of the epidural hematoma. The remaining 84 patients were treated surgically. Of these, 47 were operated within 24 hours of symptom onset and 37 were operated 24 hours after symptom onset.
Prognostic Factors
For those cases treated surgically, the literature reports that post-operative recovery is based both on pre-operative neurological function as well as time to operation after the onset of these symptoms 30, 41, 50) . Our review also illustrates that patients with a higher pre-operative Frankel grade, functional recovery was more likely. Also, those patients with a shorter interval to operation had better recovery than those with longer intervals. Especially in cases of complete neurological dysfunction, a timely operation may be of great benefit, and even in cases of delayed surgery, good functional outcome can be achieved. In contrast to Groen's review and for unknown reason, recovery was greater in males than in females after surgery.
A past medical history that may have contributed to bleeding is associated with a worse neurological presentation and may indirectly influence eventual recovery. In 10 of the 26 cases of complete initial motor deficit, patients had a history of anticoagulation such as aspirin or ibuprofen use.
However, even patients with significant comorbidities did achieve functional recovery comparable with patients without comorbidities. Hence, a relevant past medical history does not predict poor outcome, but may be associated with worse initial neurological dysfunction than others.
Initial neurological dysfunction was the strongest predictor for a patient's outcome. Patients presenting with severe and/or worsening conditions typically did not recover as well as those presenting with minor symptoms. Furthermore, the timing of a decompressive laminectomy was more significant factor in patients initially presenting with Frankel grades of A or B. Patients presenting with better neurologic function (scores of D or E) frequently showed substantial improvement regardless of time to operation. With the exception of patients showing significant neurologic improvement before surgery, a prompt evacuation of an epidural hematoma should be attempted. Even in the case of complete or severe neurologic deficit and lengthy symptom duration, functional recovery may be achieved through surgical intervention.
Pathophysiology
Groen speculated that bleeding most likely arises from the posterior epidural venous plexus 33) . This plexus lies directly between the dura and ligamentum flavum making rupture more likely than in the anterior venous plexus which is covered by the posterior longitudinal ligament. Communication between the venous plexus and the intrathoracic veins allows for transfer of pressures from one compartment to another. Given that the epidural venous plexus is devoid of valves, it may be particularly vulnerable to sudden changes in pressure, especially at the cervicothoracic and thoracolumbar junctions where resistance is minimal. Cases of SSEH associated with heavy lifting, straining, pregnancy and hypertension further supports the venous theory.
In contrast, Beatty suggested that bleeding occurs from epidural arteries 16) . He argued that hemorrhage from an epidural vein would not create enough pressure to compress the spinal cord, observing that the normally expanded epidural sac may tamponade epidural bleeding encountered during surgical procedures. There are also reports of SSEH located anteriorly for which the posterior venous plexus theory would not apply 4, 5, 11, 12, 19, 20, 24, 26, 28, 29, 34, 37, 44, 51) . With few exceptions, SSEH arises from a venous bleed rather than an arterial bleed.
Treatment
In recent years, there have been increased reports of spontaneously resolving spinal epidural hematomas. This may be due to quick diagnosis by higher resolution MRI when a patient presents with sudden onset of neurological deficits. Even in the face of improving neurological condition, MRI is performed to evaluate the size and location of the hematoma 32) . It is important to stress that by the time of diagnosis with MRI, the patients managed conservatively were already improving clinically. Thus, conservative management is only appropriate in the face of improving neurological status.
Four of the five hemophiliac patients in our review were treated conservatively with either Factor VIII or Factor IX? both of which are clotting-related proteins. All four of these patients recovered to an "E" Frankel grade. Although the number of hemophiliac patients is relatively small, there has been sub stantial success of conservative management in these patients.
In a review by Groen, conservatively treated SSEH had more spinal levels involved than those treated operatively. Similarly in our review, the mean spinal levels of SSEH managed conservatively was seven as opposed to five for surgical cases. The total length of involvement was not a dependent factor predicting outcome.
CONCLUSION
Both the venous and arterial theories provide plausible explanations for SSEH with most cases probably resulting from a venous bleed. Our review of SSEH presented in the English literature since 1996 is consistent with previously published reviews with regard to clinical presentation, spinal segment involvement and factors predicting neurological outcome except males as a group did better than females for unknown reason. Patients with less initial neurological deficit and those with shorter time to operation show better neurological improvement. Those who present with a past medical history are more likely to have greater initial neurological deficit with tendency to greater bleeding, especially in the case of anticoagulation use. An increasing number of conservatively treated SSEH cases have been reported. In all such cases, patients presented with improving neurological status. Although high resolu-tion MRI has improved the accuracy of SSEH diagnosis, no imaging characteristics serve to predict the eventual outcome. Expedient decompressive laminectomy continues to be the treatment of choice for patients with SSEH.
